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Given that science is a collaborative endeavor, architects are striving to design new research 
buildings that not only provide a more pleasant work space but also facilitate interactions 
among researchers.Design Does Matter
In research, crucial “aha!” moments 
are often the result of chance meet-
ings between scientists outside the 
laboratory space, wherever they 
encounter each other in the course 
of their movement between the lab, 
shared equipment rooms, and com-
mon areas. Over the past four dec-
ades, laboratory design has seen 
incremental improvements. In review-
ing these developments, one can see 
that a common theme has begun to 
emerge: Lab design must facilitate 
interaction, both within a research 
group and between research groups. 
Architects who design research labs 
know from observation and experi-
ence that successful research facili-
ties offer environments that combine 
rigorous technical sophistication and 
flexibility with comfort, visual delight, 
and inspiration—“high tech plus high 
touch”—thereby setting the stage for 
constructive interactions.
The “Bones” of a Building
In the post-war building boom of 
the 1950s and 1960s, American col-
leges, universities, and corporations 
built tens of millions of square feet of 
laboratory space for the sciences. 
Many of those buildings have proven 
inflexible in design, preventing their 
easy adaptation to evolving research 
needs and the accompanying expan-
sion of building systems. By today’s 
standards, buildings of that era are 
too narrow (floor plan depth); floor-
to-floor height is often insufficient; 
structural bay spacing is too small; 
and too little space is devoted to 
accommodating utility shafts and mechanical equipment. In addi-
tion, the exterior walls of these older 
buildings usually are not sufficiently 
insulated. The windows are typically 
single-glazed, leading to high energy 
consumption and thermal discom-
fort for occupants, particularly those 
working near the outside wall. In 
older buildings, operable windows 
in labs were often designed as part 
of the ventilation system creating 
unsafe air-balance situations. One 
consequence of these deficiencies 
Figure 1. The Intersection of Science 
and Architecture
(Top) The Salk Institute in La Jolla, California, 
designed by the master architect Louis Kahn. 
(Bottom) The piping for the labs is housed in 
the interstitial level between the lab floors. 
(Photos courtesy of the Salk Institute for Bio-
logical Studies.)Cell 127, Ocis that inserting new systems into 
these older buildings to enable them 
to continue as labs requires a difficult 
and costly renovation process, often 
leading to the decision either to con-
vert them to “dry” uses or to demol-
ish and replace them.
A well-known example of a build-
ing typical of that era is the Rich-
ards Medical Research Laboratories 
(1962), designed by master archi-
tect Louis Kahn for the University of 
Pennsylvania. Although a renowned 
architectural landmark, it has proven 
to be poorly adapted to research 
needs and lab design standards as 
they have evolved over the past forty 
years, due to its constrained dimen-
sions and awkward configuration. 
Even today, the Richards building still 
suffers from isolated spaces, dreary 
lighting, and inefficient organization 
of space. And its historic landmark 
status potentially limits the univer-
sity’s ability to make substantive 
changes to the exterior.
By contrast, another seminal Kahn-
designed research building, the Salk 
Institute for Biological Studies in La 
Jolla, California (1965), elegantly dis-
plays principles that have both aged 
well and have proven to be valuable 
models of lab design even now (Fig-
ure 1, top). Generous dimensions, 
open structural spans that permit 
open labs and considerable interior 
flexibility, modular lab components, 
and sufficient space for lab services 
contribute to a marvelous research 
environment in a spectacular set-
ting. A key element of the Salk build-
ing’s airy design is a full “interstitial” 
floor containing the ducts and pip-tober 20, 2006 ©2006 Elsevier Inc. 243
Figure 2. A Lab with a View
(Left) In the Dreyfus Chemistry Laboratories at MIT, opening up the corridor wall provides views into and out of the renovated laboratories. (Middle) 
In MIT’s Koch Biology Building, an open communicating stair links six floor levels and enables researchers to see up and down one level, increasing 
opportunities for interaction. (Right) A sunlit, multilevel lobby in the MIT Brain and Cognitive Sciences Complex links the entrance at ground level 
with the upper part of the building’s atrium. (Left photo by Anton Grassl/ESTO; middle photo by Steve Rosenthal; right photo by Andy Ryan; photos 
courtesy of Goody Clancy.)ing serving the lab spaces, which is 
inserted between the floors housing 
laboratories (Figure 1, bottom). This 
design strategy, emulated in other 
recently built research institutes, 
facilitates maintenance and renova-
tion by separating lab service distri-
bution from the lab space occupied 
by researchers. Salk’s floor plan has 
exterior corridors along the perim-
eter (appropriate for the benign cli-
mate) with glass walls enclosing the 
open labs in the center.
A commonly implemented design 
strategy in older research facilities 
buried the lab areas in the center of 
the building plan, enclosed by cor-
ridors, denying researchers direct 
visual contact with the outdoors. We 
now know that depriving the occu-
pants of daylight and the ability to 
stay visually oriented has negative 
consequences on their perform-
ance and mental well-being (see the 
Commentary by Sternberg and Wil-
son, page 239 of this issue). When 
designing a complete renovation of 
I.M. Pei’s 1971 Dreyfus Chemistry 
Research Laboratories at MIT—a 
building characterized by interior 
labs without daylight—the research-
ers expressed to the architects their 244 Cell 127, October 20, 2006 ©2006 Edissatisfaction with the lack of visual 
connection with the exterior. The 
new design included reorienting and 
opening up the small, closed lab 
spaces and using internal windows 
in the corridor wall to allow daylight 
from the building’s perimeter win-
dows to penetrate deep into the lab, 
benefiting all the occupants (Figure 
2, left).
Creating a Science Community
Many buildings from the mid-20th 
century also inadequately supported 
the need for interaction and the fos-
tering of a science community. Now, 
we understand the ways in which 
design can affect those phenomena. 
Although functional spaces such as 
labs, equipment rooms, offices, and 
meeting spaces were often aggre-
gated in efficient layouts in older build-
ings, that design approach provided 
few or no shared public social spaces, 
which are critical elements in foster-
ing interaction and community. It has 
been said that “research happens in 
the labs, but science happens in the 
corridors.” From today’s perspective, 
the design of older buildings simply fell 
short in allowing collaborative science 
to happen to its fullest potential.lsevier Inc.Fortunately, architects and 
researchers have learned much from 
these older buildings. Post-occu-
pancy evaluation, both informal and 
more structured, has helped us to 
understand more thoroughly how 
patterns of use contribute to the 
success—or failure—of a building 
design. Modern research labs are 
designed to simultaneously balance 
functional needs and safety con-
cerns (always of primary importance) 
with ergonomics, indoor air quality, 
thermal/visual/acoustical comfort, 
flexibility, and the provision of shared 
social spaces. These interaction 
zones represent a range of space 
types such as break rooms, lounges, 
and other places in which research-
ers can relax and collaborate outside 
the lab proper.
A good example of this new design 
approach is MIT’s Koch Biology 
Building, in which open communi-
cating stairs rise through the six-
story building, serving, in combina-
tion with glass-walled “tea rooms,” 
as the intellectual heart of the lab 
space (Figure 2, middle). Research-
ers can see each other from one floor 
to the next and can take advantage 
of conveniently located benches and 
a comfortable handrail (with footrest) 
for an impromptu chat with a col-
league. A side benefit of encouraging 
building occupants to use attractive 
interior stairs instead of elevators is 
increased exercise. Aside from act-
ing as traditional eating areas, open 
common spaces invite researchers 
to reflect or discuss their progress 
and challenges with colleagues 
without having to leave the building 
or take an extended departure from 
their work.
If collaboration is accepted as 
useful in a research endeavor, we 
believe that every lab building, large 
or small, should have a place that 
serves as a “heart” and through 
which most of the occupants pass 
at least once a day. This strategy 
will contribute to a successful inter-
active research community by its 
very nature, in that the likelihood of 
unplanned interaction is increased. 
Ideally, this space, often taking the 
form of an atrium or lobby, should 
be provided with ample daylight 
(see Figure 2, right). The more 
generous volume of such an open 
central space contrasts with the 
more compact nature of laboratory 
spaces and has the power to uplift 
the spirit. The variability and play of 
natural light provide vibrancy to the 
space even when sparsely occu-
pied, not to mention the well-docu-
mented psychological benefits of 
daylight to humans.
The extensive use of interior glass 
puts the life of the labs on display 
and conveys a sense of openness 
about the scientific endeavor. If you 
can see your neighbor at work, when 
you run into him or her on the stairs 
or in the corridor, there is a greater 
likelihood that you will be prompted 
to share a recent research break-
through or challenge. Interior glass 
also allows daylight to penetrate 
from the exterior deeper into the 
lab building—heightening the sense 
of connectedness to the outdoors. 
Recent neuroscience research has 
shown the importance of maintain-
ing one’s orientation to external cues 
(see Commentary by Sternberg and 
Wilson, pp. 239). Glass-panel doors 
from the corridor into the lab, often used in combination with high win-
dows in the corridor wall, or between 
an office and an inner room, allow 
the “borrowing” of daylight and con-
tribute to a more pleasant interior 
environment.
Sustainable Design
The goal of sustainable or “green” 
design is to minimize a building’s 
overall environmental impact. 
Although energy consumption is 
the most often discussed aspect, 
this approach applies to more than 
energy-saving strategies. Issues 
such as orientation of the building 
relative to the sun and prevailing 
winds, provision of bicycle parking, 
the availability of recharging sta-
tions for electric vehicles, recycling 
of construction waste, and even 
subsidies to encourage use of public 
transportation are all part of a holis-
tic approach to building design.
Modern research buildings, par-
ticularly those for the life sciences, 
are inherently large energy consum-
ers due to the high ventilation rates 
and the prevalence of once-through 
use of fresh air for safety reasons. 
Current design best practice typi-
cally includes, for example, heat-
recovery systems to recapture and 
reuse some of the energy embod-
ied in exhaust air streams ejected 
at the roof level. High-performance 
building envelopes, in which the 
exterior wall is built to a higher level 
of resistance to air and moisture 
vapor transmission, are becoming 
the norm, both due to newer build-
ing and energy codes and because 
of the more stringent requirements of 
laboratories for temperature and air-
balance controls. Other strategies 
that architects are incorporating in 
these buildings include more sophis-
ticated fume hood controls; low-flow 
plumbing fixtures; “gray-water” sys-
tems that recover and reuse rainwa-
ter for toilet flushing or landscape 
irrigation; integrated daylight and 
artificial lighting; increasing use of 
renewable materials such as wood 
from certified sustainably grown for-
ests; and high recycled-content fin-
ish materials such as flooring made 
from marble chips. Many of these Cell 127, Ocstrategies can easily be integrated 
into the design of new construction, 
and quite a few are appropriate for 
renovation projects as well.
Building owners, both private- and 
public-sector, are increasingly using 
a green building rating system known 
as LEED (Leadership in Energy and 
Environmental Design), developed 
and administered by the U.S. Green 
Building Council, to assess a build-
ing’s environmental performance. 
Buildings certified as Silver, Gold, 
or Platinum are acknowledged to 
be among the most environmentally 
sensitive in the industry. Neverthe-
less, LEED certification is only one 
way of measuring environmental suit-
ability—there are design approaches 
that achieve high energy savings 
(particularly in laboratories) that are 
not yet recognized by the LEED sys-
tem. A valuable point to remember in 
planning a lab building is to consider 
sustainability from the outset.
New Directions
Post-occupancy evaluation is a 
powerful, though underutilized, tool 
with which design professionals and 
behavioral researchers study com-
pleted buildings. In its most scien-
tifically rigorous format, post-occu-
pancy evaluation involves systematic 
evaluation of opinions about build-
ings from the perspective of the peo-
ple who use them. It assesses how 
well buildings match users’ needs 
and identifies ways to improve build-
ing design, performance, and fitness 
for purpose.
One might imagine a post-occu-
pancy evaluation of a research facil-
ity that looks for evidence that the 
design influenced the building’s use 
in ways the designers did not intend. 
Looking ahead, we have identified a 
preliminary list of topics and direc-
tions that architects and neurosci-
entists—supported by others such 
as social scientists—might explore 
together in the near future.
Physical Influences
• What aspects of research space 
design would help researchers 
to maintain their focus and avoid 
“cognitive overload”? To what 
degree does visual clutter in a lab tober 20, 2006 ©2006 Elsevier Inc. 245
environment hinder one’s ability to 
think clearly or creatively?
• What actually constitutes a (per-
ceived) barrier to easy collabo-
ration between researchers? Is 
there a measurable difference in 
the impact of a door that sepa-
rates/connects two spaces—even 
if it stands open—versus just an 
opening in the wall? What about 
a window between spaces (cog-
nitive proximity versus physical 
proximity)?
• Does perceived flexibility, as mea-
sured by a researcher’s sense that 
he or she can easily modify the 
research space, make a difference 
in the ability to do the best work?
• How important is the presence of 
transition spaces, in which one 
can maintain a sense of connect-
edness to the outdoors and thus 
still feel oriented to external cues?
Possible experimental approaches 
that could help to answer these ques-
tions would involve pairs of actual 
lab configurations that differ in key 
characteristics, such as relative 
openness, transparency to adjacent 
spaces, or visual distractions. Obser-246 Cell 127, October 20, 2006 ©2006 Evation of use patterns, interviews with 
lab occupants, and other noninvasive 
surveys would be implemented over 
extended periods of time.
Behavioral Influences
• To what extent are organizational 
or institutional culture factors influ-
ential in supporting collaboration/
collegiality, as opposed to archi-
tectural conditions? How much is 
dependent upon the individuals or 
the culture of the research entity?
• To what degree does trust (for 
example, between researchers) 
enter into the equation? Consider 
willingness to share equipment, to 
leave connecting doors open, to 
store glassware in a semi-public 
corridor, etc.
These questions probably require 
more interviews and fewer truly exper-
imental techniques than the first set of 
questions. Enlisting behavioral psy-
chologists and organizational special-
ists to help in studying and analyzing 
these factors would be necessary but 
could yield critical new information 
about how space and culture can be 
combined in better building design. In 
identifying organizational or cultural lsevier Inc.factors that impede or encourage 
interaction, could architectural solu-
tions be devised to specifically alter 
or support them?
Summary
If one accepts the premise that 
improved collaboration between 
researchers will more effectively 
lead to scientific breakthroughs 
and ultimately benefit humankind, 
then a logical implication would 
be that lab design should be opti-
mized to enhance such collabo-
ration. Architects would benefit 
immeasurably from a more scien-
tific, empirical basis for making 
design decisions. Neuroscience 
research has the potential to 
advise lab designers on, for exam-
ple, how to minimize the percep-
tion that barriers to collaboration 
exist within a building. The com-
bination of experiments tailored to 
answer these questions and post-
occupancy evaluation of existing 
research facilities will undoubtedly 
yield enormously valuable results 
that can be applied to the building 
of new research institutes.
